, an anthracycline antibiotic, is widely used in the treatment of a variety of solid and hematological malignancies. However, the clinical application of this chemotherapeutic drug is limited by its severely cumulative dose-dependent cardiotoxicity that can cause cardiomyopathy and heart failure (Ferreira et al. 2008 ). The exact pathogenesis of DOX-induced cardiotoxicity is not fully understood, but different mechanisms have been proposed, including oxidative stress, intracellular calcium overload, myofibrillar degeneration, cytokine release, and induction of cardiomyocyte apoptosis (Volkova and Russell 2011) . Among these mechanisms, oxidative stress and apoptosis appear to be the main triggers of this drug-induced cardiotoxicity (Octavia et al. 2012 ).
Moreover, it has recently been suggested that senescence may be another mechanism of cardiotoxicity induced by DOX (Spallarossa et al. 2009 ). Cellular senescence is a fundamental cellular program which is characterized by a series of morphological and physiological changes including irreversible block of proliferation. In addition, it contributes to the physiology of living tissues, the aging process, and age-related diseases as cancer, diabetes, osteoporosis, and cardiovascular and neurodegenerative diseases (Rattan 2012) . Therefore, it is necessary to investigate cardioprotective adjuvants to minimize the cardiotoxicity of DOX.
Previous studies have have suggested that the renin-angiotensin system (RAS) plays an important role in the development of cardiac hypertrophy, failure and reperfusion injury (Zablocki and Sadoshima 2013) .
Suppression of the RAS ameliorates the remodeling process of heart and prolongs long-term survival in animal models and humans with cardiac hypertrophy, failure and reperfusion injury (Iqbal et al. 2008) . Interestingly, in rats that had undergone short-or long-term administration of DOX, co-administration of angiotensin-converting enzyme D r a f t 4 provides a significant protective effect against acute DOX-induced cardiotoxicity in rats. In addition, Akolkar et al. (2015) reported that administration of valsartan for 13 weeks ameliorated the DOX-induced cardiotoxicity in mice.
By application of these basic scientific findings to the clinical field, a number of clinical studies have evaluated the potential cardioprotective role of ARBs in the clinical setting of chemotherapy-mediated cardiotoxicity. In a study by Nakamae et al. (2005) , they observed that in patients treated with valsartan together with cyclophosphamide, doxorubicin, vincristin, and prednisone (CHOP), all the changes in cardiac markers, except for the elevation in serum ANP, were prevented, indicating that valsartan has a strong effect in preventing acute CHOP-induced cardiotoxicity. Moreover, in a small prospective study including 49 patients with various cancers responsive to an anthracycline based chemotherapy regimen, Dessì et al. (2011) demonstrated that ARB was able to reverse acute myocardial dysfunction up to 12 months of follow-up. Also, in a recent meta-analysis, the prophylactic administration of ACE inhibitor or ARB in patients receiving an anthracycline based regimen was associated with a relative risk of 0.11 for the development of cardiotoxicity compared to placebo (Kalam and Marwick 2013) .
Thus, we hypothesized that valsartan could attenuate the DOX-induced cardiotoxicity in rats. To test our D r a f t 5 treated normal group) administered valsartan (10 mg/kg/day) (Khan and Imig 2011) for 14 days by oral gavage and served as the valsartan group. Group III (DOX treated group) administered a cumulative dose of DOX (15mg/kg) in six equal intraperitoneal (i.p.) injections (2.5 mg/kg, 3 times a week for 2 weeks) (Siveski-Iliskovic et al. 1994 ) and served as the DOX group. Group IV (Valsartan pretreated group) included rats that were pre-treated with a daily dose of valsartan (10 mg/kg) orally by gavage for 14 days then treated with a cumulative dose of DOX, as previously mentioned, for the next 14 days. Group V included rats that were administered a combined dose of valsartan and DOX in the same route and doses, as previously mentioned, over a period of 14 days. Group VI (Valsartan post-treated group) included rats that were administered a cumulative dose of DOX, as previously mentioned, for the first 14 days then treated with a daily dose of valsartan (10 mg/kg) orally by gavage for the next 14 days.
At the end of the treatment, all rats were fasted overnight, electrocardiograph (ECG) was recorded, and then blood samples were collected. Then, 10 rats from each group were used in the experimental isolated Langendorff-perfused heart procedure. Then hearts from another 10 rats from each group were removed and used for quantitative real time RT-PCR of SMP30, Bax and Bcl-2 and preparation of cardiac homogenate for determination of oxidative stress markers. The hearts of the remaining 6 rats were used for histopathological examination.
Technique of ECG recording
Isolated Langendorff-perfused heart After blood collection, 10 rats of each group were used in this experimental procedure. The rats were anesthetized with an intraperitoneal injection of sodium pentobarbital (60 mg/kg, i.p.; Abbott Laboratory, Chicago, IL, USA) and given heparin (500 IU, i.v.). The hearts were rapidly excised and perfused through aorta according to the Langendorff's method at a perfusion pressure of 75 mmHg. The perfusate was a Krebs-Henseleit solution containing NaCl 118 mmol/l, NaHCO3 25 mmol/l, KCl 4.75 mmol/l, KH2PO4 1.18 mmol/l, MgSO4 1.17 mmol/l, CaCl2 1.25 mmol/l, glucose 10 mmol/l (pH 7.4, 37°C), and was bubbled constantly with 95% O 2 and 5% CO 2 , as previously reported and the temperature of the heart was maintained at 37°C. After 15-20 minutes of equilibration, a water-filled balloon attached to a rigid polyethylene tube was introduced into the left ventricle through the mitral valve. The whole setting was connected to a pressure transducer (MLT0670, AD Instruments, New South Wales, Australia) that is connected to a bridge amplifier (FE117 BP Amp, AD Instruments, New South Wales, Australia).
The following parameters were recorded: the left ventricular developed pressure (LVDP) and the peaks of the positive and negative pressure derivatives (respectively, dP/ dtmax and -dP/dtmax) by the use of PowerLab data acquisition system (AD Instruments, Australia) (Eleawa et al. 2013 ).
Assay of thiobarbituric acid reactive substances (TBARS) and total anti-oxidant capacity (TAC)
Hearts were remove from another 10 rats from each group and transferred into Petri dish. Then adipose tissues and blood vessels were removed. Subsequently, hearts were washed with ice-cold isotonic saline, blotted individually on ash free filter paper and cut into many pieces.
D r a f t 7
Total RNA was isolated from 50 to 100 mg of left ventricle of rats' heart (from 10 rats) after shock freeze with liquid nitrogen using Tri-Fast TM reagent (PeqLab. Biotechnologie GmbH, Carl-Thiersch St. 2B 91052 Erlongen, Germany, Cat. No. 30-2010) , triazol and chloroform. The purity of RNA was determined by gel electrophoresis using formaldehyde agarose gel electrophoresis and ethidium bromide staining to show two sharp bands representing 28S and 18S ribosomal RNA.
The concentration and purity of the total RNA samples was checked by determining the absorbance at 230, 260 and 280 nm in a spectrophotometer (Jenway, Genova Model, UK). The benchmark used to evaluate these ratios (A260/ A280 and A260/A230) was greater than or equal to 1.8.
Total RNA (1 mg) was used for cDNA synthesis reactions using QIAGEN Long Range 2 Step RT-PCR Kit For Bax and Bcl-2, quantitative real time PCR was performed according to the method described by Li et al. ( 2011) using the following mix and program:The reactions were performed in a 20-lµL volume mix containing 10 µL SYBR Green I mixture, 1 µL primers, 1 µL cDNA, and 1 µL sterile, distilled-deionized water. Cycling conditions were as follows: 3 min at 95 °C, 44 cycles of 15 s at 95 °C, 20 s at 60 °C, and 15 s at 72 °C.
The amplification specificity of each amplified product was verified using a melting curve. The efficiency of the qPCR amplification reactions was evaluated by running standard curves for each amplicon using different template dilutions of cDNA (1:10, 1:100, 1: 250, 1:500, 1:1000, 1:2000 and 1:10000). The expression of all genes was normalized to the expression of the housekeeping gene β-actin and the reactions were run in duplicate.
Melting curve analysis was used to examine the specificity of the products generated for each primer set.
The comparative C T method was used to quantitate the abundance of target gene mRNA and is given by 2 -∆∆C T .
The relative gene expression levels were calculated using method arithmetic formulae. The controlnontreated samples were used as calibrators. The amount of target, normalized to an endogenous housekeeping gene (β-actin) and relative to the calibrator, is then given by ∆∆C T , where ∆∆C T = ∆C T (sample) − ∆C T (calibrator), and
The data were expressed as mean±standard deviation (SD). Data were processed and analyzed using the SPSS version 10.0 (SPSS, Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA) was done followed by Tukey's post hoc test. Pearson's correlation statistical analysis was done for detection of a probable significance between two different parameters. Results were considered significant if p≤0.05.
Results
Effects of valsartan and DOX treatment on contractile variables (LVDP, dP/dtmax and -dP/dtmax): Table 1 showed that the valsartan treatment of normal rats produced non-significant (p>0.05) change in the different contractile variables (LVDP, +dP/dt max and -dP/dt max) versus the control group. DOX treatment alone or after valsartan significantly (p<0.05) reduced LVDP and +dP/dt max and increased -dP/dt max as compared with both control groups (control and Control + Valsartan). In addition, valsartan treatment with and after DOX significantly (p<0.05) increased the LVDP and +dP/dt max and decreased -dP/dt max as compared with DOXinduced rats either untreated or valsartan pretreated. Table 2 showed that valsartan treatment in the control rats insignificantly (p>0.05) changed ST, QT and QTc intervals as well as QRS and heart rate. DOX treated rats alone or after valsartan showed a significant increase in heart rate, prolongation of ST, QT and QTc intervals with non significant change in QRS duration, as compared with the control rats (p<0.05). Addition of valsartan with and after DOX significantly (p<0.05) reduced the heart rate, shortens ST, QT and QTc intervals with non significant change in QRS duration as compared with either DOX alone or valsartan pretreated group.
Effects of valsartan and DOX treatment on heart rate and different ECG parameters:

Effects of valsartan and DOX treatment on cardiac marker enzymes:
Cardiac markers enzymes (LDH and CK-MB) are shown in Table 3 . Treatment of control rats with valsartan caused no change (p>0.05) in cardiac markers enzymes (LDH and CK-MB). DOX caused a significant (p<0.05) increase in cardiac markers enzymes (LDH and CK-MB) when compared with control group. While concurrent or post treatment of DOX-induced rats with valsartan caused a significant (p<0.05) decrease in cardiac markers enzymes (LDH and CK-MB), pretreatment had no effect.
Effects of valsartan and DOX treatment on cardiac TBARS and TAC:
Figure 1 showed that rats treated with DOX had a significant increase in TBARS (p<0.05) as compared with control rats. While addition of valsartan with or after DOX significantly (p<0.05) decreased TBARS (p<0.05) D r a f t as compared with DOX treated rats, administration of valsartan before DOX produced insignificant (p>0.05) change. However, the level of TBARS in rats treated with valsartan with or after DOX remain significantly higher than the control groups (p<0.05) (Figure 1 ). Figure 2 showed that valsartan treatment in control group produced insignificant increase (p>0.05) in total anti-oxidants as compared with the control rats. Rats received DOX alone or after valsartan showed a significant decrease (p<0.05) in total anti-oxidants versus the control groups (control rats and control treated with valsartan).
Addition of valsartan with and after DOX significantly (p<0.05) increased total anti-oxidants as compared with DOX treated rats but still significantly (p<0.05) lower than the control groups (Figure 2) . 
Histopathological examination of cardiac tissues
Heart sections of normal control rats showed normal characteristic features of myocardium without cellular infiltration and normal vasculature. Myocardiocyte of normal rats had oval-elongate nucleus centrally and homogeneous cytoplasm (Fig. 7 A) . Rats received valsartan showed also apparently normal myocardial features similar to that of normal control Rats (Fig. 7 B) . In rats treated with DOX either alone or after vasartan, multi-focal vacuolar degeneration and necrosis were seen in the myocardial cells ( Fig. 7 C and D) . Moreover, there were congestion of cardiac blood vessel and hyalinosis of its wall, in addition to granularity of the sarcoplasm of focal cardiac myocytes (Fig. 7 C and D) . In contrast, myocardial cell of rats treated with DOX either with or before valsartan revealed less damage (Fig. 7 E and F) .
Discussion
In the current work, we investigated the cardioprotective effect of valsartan before, during and after administration of DOX to rats. The results of this study showed that treatment with valsartan during and after but not before DOX reduces the cardiac marker enzymes (LDH and CK-MB), attenuates the oxidative stress (as confirmed by decreased TBARS and increased TAC), ameliorates apoptosis (as evidenced by decreased Bax and increased Bcl-2 gene expression) and improve senescence (as shown by increased SMP30 gene expression). It was interesting to note that giving valsartan after DOX is as good as giving it along with DOX, therefore, one would assume that concurrent treatment would have an extra effect of slowing down the cardiotoxicity even more. The non significant change in the studied parameters with pretreatment of DOX-induced rats by valsartan may be due to its short duration of pretreatment (2 weeks) as well as its short Tmax (2-4 hours) and half life (T1/2) (6 hours) (Bakris et al. D r a f t lung carcinoma patients indicated that at a cumulative dose of 550 mg/m2, an estimated 26% of patients experienced DOX-related congestive heart failure (Swain et al. 2003) . In the present study, rats were administered a cumulative dose of DOX (15mg/kg) in six equal intraperitoneal (i.p.) injections (2.5 mg/kg, 3 times a week for 2 weeks). The mechanisms of cardiac toxicity are not fully understood and are thought to include oxidative stress status leading to apoptosis of endothelial cells and cardiomyocytes (Mukhopadhyay et al. 2009 ). In addition, cellular senescence has been proposed as a novel mechanism of cardiotoxicity induced by DOX (Maejima et al. 2008) .
Hemodynamics are important indicators of cardiac function. Hemodynamic changes are key indicators of both the systolic and the diastolic function of the heart. Among these indicators are +dp/dtmax, which reflects myocardial contractile function as well as -dp/dtmax which reflect myocardial relaxation (Lai et al. 2013 ). Our hemodynamic examination revealed that DOX significantly decreased LVDP and +dp/dtmax and increased -dp/dtmax compared with the control group (Table 1) indicating the development of DOX-induced cardiac contractile dysfunction. Our results were in agreement with those of previous studies (Hole et al. 2014; Li et al. 2014 ). Moreover, valsartan treatment with and after but not before DOX significantly (p<0.05) increased the LVDP and +dP/dt max and decreased -dP/dt max as compared with DOX treated rats (Table 1) indicating that valsartan has positive inotropic effects and mitigates the changes associated with chronic heart failure induced by DOX.
Therefore, these observations suggest that valsartan improved the heart function of rats with DOX-induced injury. In a study by Akolkar et al. (2015) , they investigated the effect of administration of valsartan for 13 weeks on DOXinduced cardiotoxicity in mice. They demonstrated that valsartan ameliorated the toxic effect of DOX. Also, Bozcali et al. (2012) reported that zofenopril, enalapril and valsartan exerted a cardioprotective effects against ischaemia/reperfusion injury as well as DOX cardiotoxicity through preserving left ventricular systolic pressure.
Translating these basic science findings to the clinical field, a number of clinical studies have evaluated the potential cardioprotective role of RAS antagonists in the clinical setting of chemotherapy mediated cardiotoxicity. A previous study have reported no change in blood pressure and heart rate between the valsartan and control groups in the patients treated with valsartan together with standard chemotherapy (CHOP) (Nakamae et al. 2005) . Therefore, they concluded that the beneficial effects of valsartan on acute cardiotoxicity may be mediated not indirectly by its hemodynamic effects but by the direct inhibition of angiotensin II, supporting previous animal experiments demonstrating a key role of the local renin-angiotensin system in DOX-induced cardiac injury (Toko et al. 2002) . D r a f t 13 ECG alterations were monitored in this study because it was demonstrated that the severity of changes in ECG are parallel to the known clinical DOX cardiotoxicity (Nousiainen et al. 1999) . In the present study, ECG tracing of rats in the DOX group showed tachycardia, along with prolongation of ST, QT and QTc intervals (Table   2) , which reflected arrhythmias, conduction abnormalities and attenuation of left ventricular function. Similar changes have been reported by other investigators (Ashour et al. 2011) . The increased heart rate of DOX-treated rats can lead to increase in oxygen consumption and can accelerate myocardial necrosis. This suggestion is in line with the deteriorated histopathological features observed in DOX-treated rats (Fig. 7C) .
A number of studies reported that the significant prolongation of the QTc interval in ECG may be important as it is known sensitive markers for chronic cardiac injury observed in ischemic and hypertensive heart disease, as well as in anthracycline-associated cardiac injury (Nakamae et al. 2005 ). According to Rossi et al. (1994) , the reliable ECG changes noted with cumulative dose of DOX were QT prolongation and T-wave flattening.
Meanwhile, Villani et al. (1990) insisted on the significance of ST interval prolongation in evaluating the ECG signs of toxicity induced in rodents with chronic administration of DOX. Also, AbdElbaky et al. (2010) reported an increase in heart rate along with ST and QT segment prolongation in albino rats administered DOX for 2 weeks. All of these observations are in accordance with our results that revealed a significant increase in heart rate with prolongation of ST, QT and QTc intervals in rats treated with DOX (Table 2) . Moreover, these ECG changes were ameliorated in the valsartan concurrent or post but not pre treatment groups, indicating the protective effect of valsartan. D r a f t 14 (Mukhopadhyay et al. 2009 ). Different mechanisms of free radical formation by DOX have been postulated. One of these mechanisms implicates the formation of a semiquinone that yields superoxide radicals in the presence of oxygen (Ravi and Das 2004) . Another possible pathway is a non-enzymatic one that involves reaction with iron.
Iron-DOX complex can reduce oxygen to superoxide anion and hydrogen peroxide. Hydrogen peroxide subsequently leads to the formation of hydroxyl radicals, which is considered to be most damaging and greatly enhances lipid peroxidation (Malisza and Hasinoff 1995) . Lipid peroxidation has been defined as the oxidative deterioration of polyunsaturated lipid. Since the major components of biological membranes are lipids, their peroxidation can result in cell damage and death (Winczura et al. 2012) . Malondialdehyde (MDA) is an end-product of lipid breakdown caused by oxidative stress, and its content in tissues is considered to be a good indicator of radical-induced lipid peroxidation (Giera et al. 2012) . The results of the present study showed a significant increase of cardiac TBARS content with decrease of anti-oxidants in DOX-treated rats (Figures 1 and 2) , suggesting the primary role of oxidative stress in DOX cardiotoxicity. These data are in agreement with earlier studies (Yu et al. 2013 ). Moreover, the reactive oxygen species (ROS) leads to depletion of the endogenous antioxidant system and oxidative injury. Superoxide dismutase, glutathione peroxidase and catalase constitute the first line of cellular defense against ROS, because they can decompose superoxide anions and hydrogen peroxide before their interaction to form the more reactive hydroxyl radical (Yu et al. 2013 ). In accordance with these studies, the results of the current work demonstrated a significant decrease in the cardiac total anti-oxidants in DOX-treated animals ( Figures   1 and 2 ). However, concurrent or post but not pre treatment of DOX-induced rats with valsartan significantly decreased the TBARS and increased the total anti-oxidants (Figures 1 and 2 ), indicating that valsartan protects myocardium against DOX-induced cardiotoxicity through its anti-oxidative activity. In support for our results, El Maraghy et al. (2014) reported that valsartan treatment increased significantly aortic antioxidant parameters in 2K1C hypertensive rats suggesting an antioxidant activity of valsartan. In addition, Aslam and colleagues (2006) have shown that valsartan therapy significantly reduced plasma oxidative markers in hypertensive patients with end-stage renal disease. Similarly, Hirooka et al. (2008) have recently shown that valsartan therapy improved large-artery endothelial dysfunction by modulation of oxidative stress.
The biochemical alterations were confirmed by the pathological changes noted in myocardial tissue. These pathological changes have a unique diagnostic significance for heart failure, as they reflect the pathological damage inflicted on myocardial cells. Our present study showed multi-focal vacuolar degeneration and necrosis in the D r a f t 15 myocardial cells of DOX-treated rats. Moreover, there were congestion of cardiac blood vessel and hyalinosis of its wall, in addition to granularity of the sarcoplasm of focal cardiac myocytes in those rats. Also, in DOX-treated rats, the arrangement of myocardial cells was disordered, and inflammatory cells infiltrated areas around the myocardial cells (Fig. 7 C) . However, each of these pathological alterations was mitigated by valsartan treatment with or after (Fig. 7 E and F) but not before (Fig. 7 D) DOX, indicating that valsartan concurrent or post but not pre treatment exerts protective effects on myocardial cells.
It has been reported that numerous signaling molecules, such as cytochrome c, Bcl-2, Bax, p53, and Fas, have been implicated in the apoptotic pathways of cardiomyocytes (Abd El-Gawad and El-Sawalhi 2004). Bcl-2 family members include Bax, Bcl-2, and Bcl-xl. Bcl-2 was the first cell survival factor discovered in mammals, as it functions as an anti-apoptotic gene (Li et al. 2014) . When the ratio of Bcl-2/Bax is increased, the dimer facilitates cell survival; however, when the ratio is decreased, the dimer facilitates apoptosis (Li et al. 2014) . Therefore, the ratio of Bcl-2 to Bax may be a key regulator of apoptosis. In addition, the low ratio of Bcl-2 to Bax can activate caspase-3, which causes cleavage of cytoskeletal and nuclear proteins, and nucleosomal fragmentation (Shi et al. 2013 ). In the current work, our results revealed that DOX could induce cardiomyocyte apoptosis, as evaluated by decreased Bcl-2 and increased Bax gene expression (Figures 4 and 5) , suggesting that apoptosis is one of the major contributors of DOX-imposed cardiac toxicity. These results were in agreement with previous studies (Yu et al. 2013) . Accumulated data suggest that cardiomyocyte apoptosis and death in response to DOX are mainly mediated by increased oxidative stress (Smith et al. 2010) . A significant negative correlation between Bax gene expression and LVDP (Figure 6 A) and a positive correlation between Bcl-2 gene expression and LVDP was reported (Figure 6 B) which may suggest that apoptosis contributes to the diminished cardiac contractile function in DOX-treated rats.
It has already been reported that blocking the apoptosis process can prevent the loss of contractile cells and minimize myocardial injury after DOX injection (Chen et al. 2012) . In support for these reports, we found that concurrent or post but not pretreatment with valsartan significantly attenuates DOX-induced cardiomyocyte apoptosis, as evidenced by the significant increase in Bcl-2 and decrease in Bax gene expression (Figures 4 and 5) , implying that inhibition of apoptosis contributes to the mechanism by which valsartan restrains the extent of DOXinduced toxicity to myocardium.
SMP30, a 34-kDa protein, was originally identified as a novel aging marker protein in rat liver, whose expression decreases androgen-independently with age. SMP30 transcripts are detected in almost all organs, and the D r a f t 16 SMP30 gene is highly conserved among numerous animal species including humans. Earlier report suggests that SMP30 too plays a diverse role in proliferation, survival and differentiation of the cells (Yamaguchi 2000) . It has been demonstrated that SMP30 plays multifunctional roles as Ca2+ regulator, anti-oxidants and gluconolactonase which is a key enzyme in the ascorbic acid (vitamin C) biosynthesis (Miyata et al. 2013) . The lack of SMP30 causes various dysfunctions of organs during aging process (Miyata et al. 2013) . SMP30 knockout (SMP30 KO) mice were generated (Ishigami et al. 2002) and showed a shorter life span than that of wild-type mice on a vitamin C-deficient diet (Ishigami et al. 2004) . Using SMP30 KO mice, recent reports have demonstrated that SMP30 functions to protect cells from apoptosis in the liver (Ishigami et al. 2002) and that SMP30 has protective effects against ageassociated oxidative stress in the brain (Son et al. 2006 ) and lungs (Sato et al. 2006) . In support for the anti-oxidant effect of SMP30 reported by the previous studies (Miyata et al. 2013; Sato et al. 2006; Son et al. 2006 DOX-induced cardiac oxidative stress. Also, it was reported that SMP30 deficiency independent of ascorbic acid causes coronary artery spasms that are triggered by chronic thiol oxidation (Yamada et al. 2013 ) and impairs myocardium-induced dilation of coronary arterioles (Mizukami et al. 2013) . Therefore, SMP30 is assumed to behave as an anti-aging factor. Recently, Misaka et al. (2011) have demonstrated that deficiency of SMP30 exacerbates angiotensin II-induced cardiac hypertrophy, dysfunction and remodeling in mice. In addition, SMP30 is reported to have a cardio-protective role against DOX-associated cardiac dysfunction by inhibiting oxidative stress and cardiac cell apoptosis (Miyata et al. 2013 ). In accordance with these studies, the results of the current work demonstrated a significant decrease in SMP30 gene expression in DOX-treated rats (Figure 3) , suggesting that reduced SMP30 may play a role in DOX-induced cardiotoxicity. Concurrent or post but not pre treatment of DOXinduced rats with valsartan caused a significant increase in SMP30 gene expression (Figure 3) , implying that the cardio-protective effect of valsartan may be partly attributed to increase in SMP30 gene expression.
There were some limitations to our study. First, in our study we administered valsartan for 14 days which appeared to be short duration compared with Akolkar et al. (2015) who administered valsartan and other angiotensin II receptor blockers for 13 weeks in mice. Second, the use of other types of angiotensin receptor blockers and angiotensin converting enzyme inhibitors is required. Finally, one of the shortcomings in our study is inability to D r a f t assess telomerase activity, cell cycle inhibitor expression, cardiac troponin I phosphorylation and senescenceassociated β-galactosidase staining.
In conclusion, DOX induced cardiotoxicity could be attributed to oxidative stress, apoptosis and senescence. In 
